METHOD OF PRINTING LABEL ON OPTICAL DISK, OPTICAL DISK UNIT, 

AND OPTICAL DISK 
BACKGROUND OF THE INVENTION 
The present invention relates to a method of printing 
a label provided on an optical disk, to an optical disk unit, 
and relates to an optical disk in which a label can be subjected 
to printing by utilization of a laser beam output from an optical 
disk unit. 

In a recordable optical disk, information about contents 
recorded thereon (e.g., titles) is described on an optical disk 
by a user so that the recorded contents can be checked visually. 
In the case of a single-sided optical disk which is handled 
as a single disk without being housed in a carrridge, such as 
a CD-system optical disk i.e-, a CD-R {CD recordable) , a CD-RW 
(CD rewritable) , etc • the information is usually written 
directly on a label surface of the optical disk with a pen. 
According to another method, information about recorded 
conrenrs recorded are edited on a personal computer, and the 
contents are printed on a label with a printer. The label is 
then pasted to the label surface. 

According to the method in which contents are written 
directly on the label surface of the disk^ a recording layer 
is often damaged by a strong writing action effected by use 
of a stiff pencil. According to the method of printing a label 
with a printer, there is a necessity for using a printer- 



SUMMARY OF THE INVENTION 

The present invention has been conceived in light of the 
foregoing problem and aims at providing a method of forming 
an image on a label surface of an optical disk, an optical disk 
unit, and an optical disk, wherein an image is formed on a label 
surface of an optical disk by utilization of a laser beam output 
from an optical disk unit, thereby obviating a necessity for 
writing of an image performed with a pen or printing an image 
with a printer - 

The present invention provides a method of forming an 
image on a label surface of an optical disk, the method comprising 
the steps of: forming a visible light characteristic changing 
layer in a position which can be viewed from a label surface 
side of an optical disk^ the layer changing a characreristic 
of visible light having entered from the label surface side 
by ejsposure to a laser beam used for recording a signal and 
emitted from the part of the label surface; setting the optical 
disk on a turntable of an optical disk unit such that a label 
surface of the optical disk is oriented toward a direction in 
which a laser beam emitted from an optical pickup is to enter; 
relatively moving the optical disk and the laser beam along 
a plane of the optical disk; and modulating the laser beam, 
in synchronism with the mutual movement, into a specific 
characteristic in accordance with image data to be printed, 



such as characters or graphic images, and emitting the modulated 
laser beam onto the visible light characteristic changing layer 
from the part of the label surface, wherein a reflection 
characteristic of the visible light having entered the visible 
5 light characteristic changing layer is changed by means of 
exposure, thereby printing a corresponding image on the label 
surface • According to the label surface image f ormarionmethod.^ 
a laser beam output from the optical disk unit can be emitted 
onto the visible light characteristic changing layer formed 
iriO in an area which can be viewed from the part of a label surface 

J^i of an optical disk, thereby changing the reflectivity, 

ill . , 

pi permeability, or light-scattering characteristic of the 

i y 

visible light- In this way, corresponding images, such as 

: characters or graphic images, can be formed on the label surface, 

C|15 thereby obviating a necessity of writing images with a pen or 

?|1 printing images with a printer. 

pi . 

Under the method according to the present invention, the 
laser beam used for recording a signal can be a laser beam of 
predetermined power or higher . The optical pickup can be moved 

20 in a radial direction of the optical disk while the optical 
disk is being rotated. The optical disk can be made stationary, 
and the optical pickup is moved in a radial direction of the 
optical disk as well as in a direction which is orthogonal to 
the radial direction of the optical disk and is tangent to a 

25 track - 
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Tho present invention also provides an optical disk unit 
comprising: a relative movement mechanism for relatively moving 
an opricai disk set on a turntable while a label surface is 
oriented in a direction in which a laser beam is to enter, and 
a laser beam emitted from an optical pickup along a plane of 
the optical disk; a laser modulation circuit for modulating 
a laser beam emitted from the optical pickup; and a circuit 
for controlling the relative movement mechanism and the laser 
modulation circuit, wherein the control circuit performs 
control operation so as to form an image on a visible light 
characteristic changing layer by controlling the relative 
movement mechanism to relatively move the optical disk and the 
laser beam and controlling the laser modulation circuit in 
accordance with image data, such as characters or graphic images, 
to be formed on a label surface of the optical disk, thereby 
modulating a laser beam output from the optical pickup on the 
basis of the image data, and thereby forming an image 
corresponding to the image data on the visible light 
characteristic changing layer, a characteristic of 
reflectivity, permeability or light scattering of the visible 
light is changed by the exposure of the laser beam, which can 
be viewed from the part of a label surface of the optical disk- 
The optical diskunit enables implementation of the label surface 
image formation method according to the present invention. 

Preferably, the relative movement mechanism includes a 



rotary drive device for rotationally driving a turntable and 
a radial-direction feed drive device for laoving the optical 
pickup in a radial direction of the optical disk; wherein the 
control circuit can control the rotary drive device and rhe 
5 radial-direction feed drive device; thereby controlling 

relative movement between the optical disk and the laser beam. 
In this case, the control circuit can drive the rotary drive 
device to a constant rotating speed, thereby driving the 
radial-direction feed drive device by a predetermined amount 

HIO at each predetermined rotary position. Further^ the optical 

CI 

S3 disk unit can further comprise a circumferential-direction 

y,| position sensor for detecting a circumferential position on 

hi the optical disk, and a radial-direction position sensor for 

m 

detecting a radial position of the optical pickup on the optical 

i! . 

15 disk; wherein the control circuit canperforia a control operation 

"jf for modulating a laser beam emitted from the optical pickups 

m ■ 

y in accordance with the position detected by the 

circumferential-direction position sensor and the 
radial-directionposition sensor andwith image data to be formed 

20 on a label surface of the optical disk/ such as characters or 
graphic imagers. The positional information about image data 
can be expressed as coordinate data consisting of a combination 
of a. circumferential position on an optical disk and a radial 
position on an optical disk. The circumferential-direction 

25 position sensor can comprise a frequency generator which is 
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roLated by the rotary drive device to generate a signal of 
frequency corresponding to rotation, and a multiplier for 
multiplying the frequency of a signal generated by the frequency 
generator. The relative movement mechanism can comprise a 
5 radial-direction feed drive device for moving the optical pickup 
in a radial direction of the optical disk, and a 
track-cangenrial -direction feed drive device for moving the 
optical pickup in a direction which is perpendicular to the 
radial direction of movement: and is tangent to a track of the 
ygO optical disk; wherein the control circuit can control relative 

6 movement between the optical disk and the laser beam by 

HI 

hi controlling the radial-direction position sensor and the 

y track-tangential-direction feed drive device while the 

turntable is left in a stationary state. The optical disk unit 

t?15 further comprises a circumferential-direction position sensor 

^^^'^ for detecring a circumferential position on the optical disk, 

Q and a track-tangential-direction position sensor for detecting 

5 ■ ! 

a position which is orthogonal to the radial direction of 
movement and is tangent to a track of the optical disk; wherein 

20 the laser beam emitted from the optical pickup can be controlled 
in accordance with the position detected by the 
circumf erential-direcrion position sensor and the 
track-tangential-direction position sensor and with image data 
ro be formed on a label surface of the optical disk^ such as 

25 characters or graphic images - The positional information about 
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image data can be expressed as coordinate data consisting of 
a combination of a radial position on an optical disk and a 
position along a direction which is perpendicular to tho radial 
direction of movement of the optical disk and is tangent to 
5 a track of the optical disk. Furrher, rhe control circuit 
performs relative movement between the optical disk and the 
laser beam by turning ott a tracking servo and turning on/ott 
a focus servo. The control circuit can perform a control 
operation for vibrating and driving a tracking actuator of the 
JJlO optical pickup while performing relative movement between the 
optical disk and the laser beam. The optical disk unit according 
to the present invention can be embodied in^ for example/ an 
optical disk unit for a single-side CD-type optical disk, such 
as a CD-R (CD-R recordable) and CD-RW (CD rewritable) ; or an 
:|15 optical disk recording device for an optical disk formed by 

i ii 

% laminating two substrates; for example, a DVD-type optical disk 

si 

such as a DVD-R {DVD recordable) or DVD-RW {DVD rewritable) . 

The present invention also provides an optical aisk 
comprising a visible light characteristic changing layer which 

20 changes a visible characteristic of a visible light by exposure 
to a laser beam having entered from a label surfaces and which 
is formed in a location capable of being viewed from the part 
of the label surface. The optical disk enables implementation 
of the label surface image formation method according to the 

25 present invention. Since the visible light characteristic 
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changing layer is formed integrally on an optical disk, 
occurrence of vibration caused by mass eccentricity during 
high-speed rotation/ and occurrence of failure caused by 
exfoliation of a label within a drive can be prevented/ as 
compared with a label pasting method. 

Preferably, the visible light characteristic changing 
layer can be embodied in a color-changing layer which undergoes 
fading, coloring, or changes in color or hue by exposure to 
the laser beam. Further, the color-changing layer can be 
embodied in a photosensitive or heat sensitive layer, or two 
layers construction. In case of the two layers construction, 
the two layers are fused or mixed together by exposure to the 
laser beam, thereby changing a visible-light characteristic- 
The optical disk can be constituted by sequenrially forming, 
on a substrate, at least a recording layer/ a reflection layer, 
and a protective layer; and rhe visible light characteristic 
changing layer can be formed between the reflection layer and 
the protective layer. An intermediate layer can be disposed 
between the reflection layer and the visible light 
characteristic changing layer, in order to improve, for example, 
adhesion between a reflection layer and a visible light 
characteristic changing layer, and to effect insulation conrrol 
for th^ purpose of controlling heat conductivity contributing 
to changes in a characteristic of visible light or protecting 
data recorded on a recording surface of an optical disk, the 
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reflection layer and rhe intermediate layer can be joined 
directly together^ and the intermediate layer and the visible 
light characteristic changing layer can be joined directly 
together. The interface between the reflection layer and the 
5 protective layer can be formed so as to be a fine mixture of 
a part containing the visible light characteristic changing 
layer and a parr which does nor include the visible light 
characteristic changing layer and is joined directly to the 
reflection layer and to the protecrive layer . since the optical 
^'10 disk has a part where the reflection layer and the protective 
51 layer are joined directly together, adhesion can be iinproved 
ll and there can be realized contrpl of thermal conductivity 
y attributable to changes in a visible light characteristic . Even 

when rhe visible light characteristic changing layer is 
;ii5 translucence, the reflection layer can be partially viewed from 
the label surface side via the parr where no visible light 
characteristic changing layer is present and the reflection 
layer and the protecrive layer are joined rogether directly. 
Focus can be readily achieved on the reflection layer at the 
20 time of formation of an image on the label surface - The structure 
in which there are finely mixed together a part containing the 
visible light characteristic changing layer and a part which 
does not include the visible light characteristic changing layer 
and is joined directly ro rhe reflection layer and to the 
25 protective layer can be embodied in a structure in which the 



itSl.|3!? 
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visible light characteristic changing layer is formed between 
the reflection layer and the protective layer in the form of 
a plurality of dots or a plurality of voids • The visible light 
characteristic changing layer can be constituted in the form 
of concentric fringes or linear stripes, rather than in the 
form of dots or voids . The optical disk according to the present 
invention can be eiabodied in, for example, an optical disk unit 
for a single-side CD-- type optical disk/ such as a CD-R (CD-R 
recordable) or CD-RW {CD rewritable) ; or an optical disk 
recording device for an optical disk formed by laminating two 
substrates; for example, a DVD-type optical disk such as a DVD-R 
{DVD recordable) or DVD-RW {DVD rewritable) • 

BRIEF DESCRIgTION OF THE DRAWINGS 
Fig. 1 is a partial cross section showing an einbodiment 

or an optical disk according to the present inventions- 
Fig- 2 is a partial cross section showing a modification 

of the optical disk shown in Fig. 1; 

Fig. 3 is a partial cross section showing another 

modification of the optical disk shown in Fig. 1; 

Fig- 4 is a partial cross section showing yet another 

modification of the oprlcal disk shown in Fig. 1; 

Fig. S is a partial cross section showing another 

embodiment of the optical disk according to the present 
invention; 
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Fig. 6 is a system configuration block diagram showing 
an embodiment of an optical disk unit according to the present 
invention; 

Fig. 7 is a plan view showing the locus of moveiaent of 
a laser beam on a label surface steiwning from an operation for 
sub j ecting the label surface to printing through use of a CD-R/RW 
drive shown in Fig. 6; 

Fig* 8 is a timing chart showing changes in laser power 
which arise during the course of the printing operation shown 
in Fig, 7; 

Fig. 9 is a plan view showing the locus of movement of 
a laser beam over a label surface arising when printing is 
effected without vibrating the laser beam in a radial direction 
of the optical disk; 

Fig. 10 is a plan view showing the locus of movement of 
a laser beam over a label surface arising when printing is 
performed while vibrating the la-ser beam in a radial direction 
Of the optical disk; 

Figs . IIA and IIB are a plan view and an enlarged partial 
plan view showing an example of a print madQ on the label surface 
by means of the CD-R/RW drive shown in Fig. 6; 

Figs. 12R to 12C are plans view showing anorher example 
of a print made on the label surface by means of the CD-R/RW 
drive shown in Fig. 6; 

Fig. 13 is a system configuration block diagram showing 
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another embodiirient of the optical disk unit according ^to the 
present invention; 

Figs, 14A and 14B are plan and front views showing an 
example layout of the CD-R/RW drive feed mechanisia shown in 
Fig. 13; 

Pigs. ISA and 15B are plan and front views showing the 
example layout of rhe CD-~R/RW drive feed mechanism shown in 
Fig. 13/ 

rig. 16 is apian view showing an example of a print product 
formed on the label surface by means of the CD-R/RW drive shown 
in Fig. 13. 

Fig, 17 is a partial cross section showing another 
modification of the optical disk shown in Fig. 1; 

Fig. 18 is a partial cross section showing another 
modification of the optical disk shown in Fig. 1; and 

Fig. 19 is a partial cross section showing another 
modification of the optical disk shown in Fig. 1. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Embodiments of the present invention will be described 
hereinafter. Fig. 1 is a partial cross section (the thickness 
of each layer differs from ttiat of an actual layer, and a guide 
groove is omitted from the drawing) showing an optical disk 
according to the embodiment: of present invention . The embodiment 
shows an example in which the present invention is applied to 

12 



a CD-R disk. As to optical disk 10, a pigment layer (i.e., 
a recording layer) 14, a reflection layer 16, a visible light 
characteristic changing layer 18 and a protective layer 20 are 
sequentially formed on a single side of a transparent substrate 
5 so as to constitute the optical disk 10- The opricai disk 10 
is identical with an ordinary CD-R disk, except for provision 
of the visible light characteristic changing layer 18. The 
visiiole light characteristic changing layer 18 can be seen 
through a transparent protective layer 20 from a label surface 

HiO 22, The reflectivity, permeability^ or optical-scattering 

CI 

0 characteristic (i.e., reflectivity, permeability^ and spectrum 

hi light scattering) in an area of the visible light characteristic 

ill 

y changing layer 18 is changed when the area of the layer 18 is 
I" exposed to a laser beam having predetermined power or more from 
the label surface 22 side. The visxble light chgLracteristic 
ch&nging layer 18 can be formed from a material layer (i.e., 
M a color changing layer, a photosensitive layer, or a heat 

1 i 

sensitive layer) which changes in color^ such as a 
phoro-sensitive material or heat-sensitive material, e.g., 

20 change from white to color (e.g., black) or from transparent 
to color {e.g., black) , When the visible light characteristic 
changing layer 18 is formed from a photosensitive layer, there 
can toe employed photosensitive material which is not 
photosensitized by the laser having power of less than 1 mw, 

25 but is phorosensitized to discolor the photosensitive layer 
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by a laser beam of 780 ma having power of 1 mW or more, with 
respect to a laser beam of 780 run from the laser surface 22 
side. When the visible light characteristic changing layer 
18 is formed from a heat-sensitive layer, there can be employed 
neat sensitive material which is nor sensitive to a heat of 
less than 100°C but becomes sensitive to heat of lOO^C or higher 
to discolor the heat sensitive material. Further, rhe 
color-changing layer may be provided as the visible light 
characteristic changing layers* The color-changing layer is 
formed from two layers which are fused or mixed together by 
being exposed to the laser beam, thereby changing a visible-light 
characteristic - Since the laser beam for recording and playing 
the back data of the optical disklO is entered from the substrate 
12 side and. so chat the laser beam is substantially cut off 
by the reflection layer 16. Therefore* the visible light 
characteristic changing layer 18 does not cause any change in 
the visible-light characteristic of the laser beam, 

AS Shown In Fig. 2, an intermediate layer 24 can be provided 
between the reflection layer 16 and the visible light 
characteristic changing layer 18. The intermediate layer 24 
can improve adhesion between a reflection layer and a visible 
light characteristic changing layer,, control heat conductivity 
contributing to changes in a characteristic of visible light; 
and control heat insulating property to protect data recorded 
on a recording surface of an optical disk. The reflection layer 
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and the Inrermeciiate layer can be iolned directly together/ 
and the intermediate layer and the visible light characteristic 
changing layer can be joined directly together- As shown in 
Fig. 3, in place of the intermediate layer 24, the visible light 
characteristic changing layer 18 is formed Into a structure 
having a plurality of minute dots (e.g., each assuming a circular 
shape having a diameter of tens of mlcroraeters or a non-circular 
shape of similar size) f through use of/ e-g-/ a film transfer 
technique. Alternatively, in place of a plurality of minute 
poreS/ the visible light characteristic changing layer 18 can 
be formed into a porous structure having a plurality of minute 
pores 26. In a case where the visible light characteristic 
changing layer 18 is formed into the structure having dots such 
as shown in Fig. 3/ the reflection layer 16 and the protective 
layer 20 are joined together directly outside the dots. In 
a case where the visible light characteristic changing layer 
18 is formed into the structure having pores such as that shown 
in Fig. 4, the reflection layer 16 and t:he protective layer 
20 are directly joined together within the pores . As a result, 
there can be achieved good adhesion, and heat insulation control 
can be performed for the purpose of attaining the object- Even 
when the visible light characteristic changing layer 18 is 
translucence, the reflection layer 16 can be partially seen 
from the part of the label surface 22, through an area where 
no visible light characteristic changing layer 18 is present 
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and at which the reflection layer 16 and the protective layer 
20 are joined together directly. At the time of printing of 
the label surface 22, focusing on the reflection layer 16 can 
be achieved readily • The visible light characteristic changing 
layer 18 can be made into a strucrure having concentric fringes 
or linear stripes. 

AS shown in Fig- 19, a light scarrering layer 24 (a 
translucence intermediate layer) may be provided between the 
visible light characteristic changing layer 18 and the 
reflection layer 16 . By providing the translucence intermediate 
layer 24, light, which passes through the visible light 
characteristic changing layer 18 and is reflected by the 
reflection layer 16, is not directly emitted from the surface 
of the optical disk. That is, the light, which paLSS&& through 
the visible light characteristic changing layer 18, is scattered 
by the translucence intermediate layer 24. Therefore, light 
from the optical disk can be controlled by adjusting the 
translucence intermediate layer 24/ so that the various type 
of images can be formed on the surface of the optical disk as 
label- 

Fig. 5 is a partial cross section (the thickness of each 
layer differs from that of an actual layer / and a guide groove 
is omitted from the drawing) showing another embodiment of the 
optical disk according to the present invention. This 
embodiment is an example in which the present invention is 
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applied to a CD-RW disk. As to an optical disk 28, a dielectric 
layer 32, a recording layer 34, a dielectric layer 36, a 
reflection layer 38^ a visible light characteristic changing 
layer 40, and a protective layer 42 are sequentially formed 
on a single of a transparent substrate 30 made of ^ for example, 
polycarbonate so as to constitute the optical disk 28, The 
optical disk 28 is identical with an ordinary CD-RW disk, except 
for provision of the visible light characteristic ch&nging layer 
40- The visible light characteristic changing layer 40 can 
be seen from a label surface 44 side through a transparent 
protective layer 42 . The visible light characteristic changing 
layer 40 can be constituted in the same manner as in the visible 
light characteristic changing layer 18 shown in Fig. 1. As 
in the case Of the optical disk: 10 shewn in Fig. 2, an intermediate 
layer can be interposed between the reflection layer 38 and 
the protective layer 42 for the purpose set forth. Further,, 
the visible light characteristic changing layer 40 can be formed 
into a structure having a plurality of minute spots^ as in the 
visible light characteristic changing layer 18 shown in Fig, 
3. Alternatively, the visible light characteristic changing 
layer 40 can be formed into a porous structure having a plurality 
of minute pores/ as shown in Fig. 4. As another alternative, 
the visible light characteristic changing layer 40 can be formed 
into a structure having concentric fringes or a structure having 
linear stripes. 
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Fig- 17 shows a partial cross section (the thickness of 
each layer differs from that of an actual layers, and a guide 
groove is omitted from the drawing) showing another embodiment 
of the optical disk according to the present invention. In this 
embodiment/ a reriection layer for dara recording and a 
reflection layer for imaging a label are separately provided 
in the optical disk. Thar is, a second reflection layer 35 is 
formed between an intermediate layer 35 and a buffer layer 37 
(separation layer) as shown in Fig 17. The second reflection 
layer 35 is made of metal or derivative reflection material- 
Remain portion of the optical disk shown in Fig 17 is identical 
to the optical disk shown in Fig, 5. In this embodiment, since 
the reflection layers 35 and 38 are separately provided in the 
optical disk, mutual influence or recording data and printing 
label to the visible light characteristic changing layer 40 
and the recording layer 34 is reduced • Therefore, the influence 
on formation of an image on the label surface is certainly 
eliminated. 

Fig- 18 shows a partial cross section (thick ness of each 
layer differs from that of an actual layers, and a guide groove 
is omitted from the drawing) showing another embodiment of the 
optical disk according to thepresenr invention. This embodiment 
is an example in which the present invention is applied to an 
optical disk comprising two substrates adhered with other, such 
as a DVD (Digital video Disk) . The optical disk in this embodiment 
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is constituted as follows: a dielectric layer 32, a recording 
layer 34, a dielectric layer 36 and a first reflection layer 
38 are sequentially formed on a first transparent substrate/ 
a second reflection layer 35 made of metal or derivative 
reflection material, a translucence intermediate layer 39 {a 
light scattering layer) , a visible light characteristic 
Changing layer 40 and a protective layer 42 are sequentially 
formed on a second substrate 33; and the second substrate 33 
is builr on the first substrate 30 through a laminating adhesive 
layer 31 as shown in Fig. 18. In case of DVD, each substrate 
has a thickness of 0-6inm and is laminated each other, so that 
sum of thickness including a recording layer is 1,2mm. 

Fig. 6 shews an embodiment of the optical disk unit 
according to the present invention {showing only the portions 
of the unit pertaining to printing of a label surface) . The 
optical disk unit is configured as a CD-R/RW drive (an optical 
disk drive which enables recording and reproduction of data 
on and from a CD-R disk and a cd-rw disk) used with connection 
with a host computer 4 6, such as a personal computer. An optical 
disk 50 according to the present invention (the CD-R disk shown 
in Figs- 1 through 4 or the CD-RW disk 28 shown in Pig, 5/ etc, ) 
is placed on a turn-table 54 while being inverted (i.e.^ a label 
surface 52 is turned down) and the optical disk 50 is driven 
to be rotated- A frequency generator (fg) 58 is directly 
connected to a rotary shaft of a spindle motor 56 . The frequency 
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generator 58 generates apulse signal (FGpulse) for each turning 
angle, the turning angle being determined by dividing one 
rotation of the spindle motor 5 6 by a. predetermined integer* 
The FG pulse signal is multiplied by a predetermined nu3:nber 
by a. multiplier 60 constituted by a PLL circuit- The 
thus-multiplied FG pulse is input to a system control circuit 
(CPU) S2^ where the signal is used for detecting a peripheral 
position. At the time of printing of a label surface, a spindle 
servo circuit: 64 controls, on the basis of the FG pulse signal, 
the spindle motor 56 so as to rotate constantly at a rotating 
speed instructed by the system control circuit 62. 

An optical pickup 66 is provided at a position under the 
optical disk 50 for executing recording and reproduction of 
data and printing of a label . The optical pickup 66 is supported 
by a feed screw 68 so as to be able to move in the radial direction 
of the optical disk 50. A feed motor 72 is driven by a motor 
driver 70 in accordance with an instruction output from the 
system control circuit 62 so as to rotate the feed screw 68 
so that the optical pickup 66 is moved in the radial direction 
of the optical disk 50. A foed position sensor 74, such as a 
linear scale, detects the radial position of the optical pickup 
66 on rh© optical disk 50, In accordance with an instruction 
output from the system control circuit 62/ a focus servo circuit 
7 5 actuates a focus actuator of the optical pickup 66 on the 
basis of a focus error signal, thus executing focus control 
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operation. At the time of printing a label, the focus servo 
circuit 76 is turned on. At the time of recording or reproduction 
of data, a tracking servo circuit IB actuates a tracking actuator 
of the optical pickup 66 on the basis of a tracking error signal 
in accordance with, the instruction output from the system control 
circuit 62, thus executing tracking control operation. At the 
time of printing a label, the tracking servo circuit 7S is turned 
off- At the time of printing a label, a vibration signal 
generarion circuit 8 0 generates a predetermined vibration 
signal in accordance with the instruction output from the system 
control circuit 62, and supplies the vibration signal to the 
tracking actuator. Accordingly^ an object lens of the optical 
pickup 66 is vibrated in the radial direction of the optical 
disk 50 to thereby bridge a gap between the areas circularly 
scanned by a laser beam, as a result of which there is obtained 
a print product having no gaps , 

The laser driver 82 drives a laser diode of the optical 
pickup 66 to emit a laser beam onto the optical disk 50 in 
accordance with the instruction output from the system control 
circuit 62 r thereby executing recording/ reproduction of data 
or printing a label. At the time of recording of data, the 
laser diode outputs a laser beam of recording power modulated 
by a recording signal. At the time of reproduction of data, 
the laser diode outputs a laser beam of fixed reproduction power - 
At the time of printing label, the laser diode outputs a laser 
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beaia modulated based on image data pertaining to characters 
or graphic images to be printed (i.e.r a laser beam has high 
power so as to cause changes in the visible light characteristic 
changing layer in an area to be printed and a laser beam has 
low power so as not to cause changes in the visible light 
characteristic changing layer in an area not to be printed) . 
At the time of printing a label, the host computer 46 transmits, 
to a CD-R/RW drive 48, image data, which edited by a user and 
to be printed, pertaining to characters or graphic images . The 
image data is constituted by data {e.g^ data which specify 
a print segment representedby an angle 9 for each radial position 
^^r" at a predetermined pitch Ar) represented by coordinates 
(r, 9) t the coordina.te5 corresponding to a combination of a 
radial position ^^r'' ot an optical disk (a distance from a rotation 
center) and a circumferential position 0 (a circumferential 
angle relative to an appropriate reference position) . 

Process of printing data on a label surface of the optical 
disk 50 by the CD-R/KW drive 48 shown in Fig- 6 is performed 
in the manner described below . 

(1) The optical disk 50 is set on the turntable 54 while 
being inverted in case of recording data or reproducing, i.e. 
the optical disk 50 is set so as to face the surface of the 
oprical disk 50, which the label is to be printed, to the optical 
pick up 66, 

(2) A user edits, on a display of the host computer 46, 



22 



characters or a graphic image such as a picture to be printed. 
The host computer 46 converts the thus-edited image into image 
data- 

(3) The user instructs to start printing gperation on 
the host computer 46. 

(4) The spindle servo circuit 64 subjects the spindle 
motor 56 to CAV (constant roraring speed) control so that the 
pulse generated by the frequency generator 58 is to be a fixed 
frequency instructed by the system control circuit 62 - 

{5} The optical pickup 66 is positioned at a predetermined 
radial reference position at the inner radius of the optical 
disk 50. 

(6) The laser driver 82 drives the laser diode so that 
the laser power of a laser diode of the optical pickup 66 is 
to be a predetermined low output instructed by the system control 
circuit 62 (a value of which, enables focus control operation 
without involvement of occurrence of changes in the visible 
lignt characteristic changing layer! e-g., a value of 1 mW or 
less) • 

(7) The focus servo circuit 7 6 is turned on in accordance 
with the instruction output from the system control circuit 
62. Then, the focus servo circuit 7 6 executes focus servo 
operation so that the laser beam 67 forms the minimum spot on 
the reflection layer. Here, the tracking servo circuit: 7B 
remains off, and no tracking servo operation is performed. 
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(8) Through the foregoing operations / preparation for 
printing is made, and printing is commenced in accordance with 
the instruction output from the system control circuit 62 . That 
iS/ the system control circuit 62 receives image data from the 
host compurer 46^ then, drives the feed motor 72 to position 
the optical pickup 66 in a radial position at the inner radius 
of tne optical disk 50, where a first print location is present , 
While appropriate timing based on the FG pulse signal (or a 
detection timing for a sensor additionally provided for 
detecting a reference circumferential position) is taken as 
a circumferential reference position, a circumferential 
position 9 is detected by counting a pulse signal output from 
themultiplier 60 is counted- With respect to the radial position 
on the disk, laser power is switched to a predetermined high 
output (a value at which changes arise in the visible light 
characterisric changing layer; for example, ^ value of 1 mW 
or more) in each circumferential print position instructed on 
the basis of image data. As a result, changes (i-e., 
discoloration) arise in the reflection characteristic changing 
layer at the location exposed to the laser beam of high output 
power, therebyperf ormingprinting operation . When the optical 
disk 50 returns to the circumferential reference position after 
having effected one rotation/ the feed motor 62 is actuated 
SO as to move the optical pickup 66 toward an outer circumference 
at a predetermined pitch Ar , and then, with respect to the radial 
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position on the disk, laser power is switched to a predetermined 
high output in each circumferential print position instructed 
on the basis of image data. This printing operation is repeated 
to print so that the optical pickup 66 is sequentially moved 
5 toward the outer circumference at the predetermined pitch Ar 
every one rotation. Fig. 7 shows the locus of movement of the 
laser beam over the label surface 52 of the optical disk 50 
through the printing operation. In the area designated with 
thick lines / the laser power of the laser beam is switched to 
, 10 highpower, therebyperformingprinting operation. Fig, 8 shows 
O variations in the laser power of the laser beam when the printing 
Wl operation shown in Fig. 7 is performed- 

f|J Scanning is not performed at radial positions where there 

m 

gl is no prinr area^ ancL^ the optical pickup 66 moves to a radial 
position where the next print area is present by passing through 

il the radial position having no print ^rea, and printing is 

III 

performed. If the pitch Ar is large, an image which is originally 
H to be printed without interruption in the radial direction is 
printed with gaps, as shown in Fig- 9, In contrast/ if the 
20 pitch Ar is made small, gaps can be made unnoticeable . However, 
the number of rotations required for printing data on the entire 
label surface is increased, and printing involves consumption 
of time • For this reason, the CD-R/RW drive 4 8 drives a tracking 
actuator with a vibration signal {e.g., a sinusoidal signal 
25 or triangular signal) generated by the vibration signal 
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generation circuit 80 during a printing operation, thereby 
vibrating the objective lens in the radial direction of the 
optical disk 50 . As shown in Fig . 10^ the laser beam is vibrated 
in the radial direction of the optical disk SO, thereby enabling 
a printing operation without gaps {or wirh occurrence of small 
gaps) even at a comparatively large pitch Ar. The frequency 
ot the vibration signal can be set to, e.g., several kilohertz 
or thereabouts. Further, the pitch Ar can be set to, e-g., 
50 to 100 pin or thereabouts. 

Fig. IIA shows a practical example of a print made on 
the label surface 52 by the CD-R/RW drive 48. Fig, IIB shows 
a partial enlarged view showing the locus of movement of a laser 
beaia used during printing of the print example. The drawing 
shows that, when scanning in a radial position rl is performed, 
the laser power of the laser beaia is increased within an angular 
segment fromOl to 92- Figs . 12A through 12C show other examples 
of print products made on the label surface 52 by the CD-R/RW 
drive 48 . Arbitrary character information, such as diskrirles, 
music titles, the names of artists, or pictures can be printed. 

Fig- 13 shows another exnbodiment of the optical disk unit 
according to the present invention (showing only the elements 
contributing to printing of a label surface) . in a CD-R/RW 
drive 84, the optical disk 50 {the CD-R disk 10 shown in Fig- 
10 or the CD-RW disk 28 shown in Fig. 5) according to the present 
invention is set on a turntable 86 while being inverted (i.e.. 
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while the label surface 52 is turned down) . At the time of 
printing operation, the spindle motor 88 is not driven • An 
optical pickup 90 for performing recording or reproduction of 
data is provided at a location under the optical disk 50. The 
optical pickup 90 is supported toy a feed screw 92 so as to be 
movable in the radial direction of the optical disk 50- In 
accordance with the instruction output from the system control 
circuit 62/ a feed motor 94 is driven by a motor driver 96, 
thereby rotating the feed screw 92 so that the optical pickup 
90 is moved in the radial direction of the optical disk 50. 
The radial direction position of the optical pickup 90 on the 
optical disk 50 is detected by a feed position sensor 98 such 
as Q. linear scale. 

The entirety of the disk radial feed mechanism having 
the feed screw 92 and the feed motor 94 is movably supported 
by a feed screw 101 disposed in parallel with the plane of the 
disk 50 perpendicular to the feed screw 92, so as to be movable 
in the direction tangent to a track (i.e.^ a direction 
perpendicular to a feed direction in the radial direction of 
the disk) . In accordance with an instruction output from a 
system control circuit 105, a feed motor 103 is driven by a 
motor driver 107 so as to rotate the feed screw 101 „ As a result, 
the optical pickup 90 is moved in the direction tangent to a. 
track. The position of the optical pickup 90 in the direction 
tangent to a track is detected by a feed position sensor 109 
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such as a linear scale. 

Figs - 14Aandl4Bshowalayoutof afeedmechanism (neither 
a feed motor nor a feed screw is shown) as example. Slide bars 
111 are provided in and fixed to a mechanical base of the CD-R/KW 
drive 84 in parallel with the plane of the optical disk 50. 
An optical pickup unit 113 is slidably supported on the slide 
bar 111. The oprical pickup unit 113 is moved along the slide 
bars 111 by the feed motor 103 and the feed screw 101 (shown 
in Fig- 13) . Slide bars 115 are mounted on and fixed to the 
optical pickup unit 113 in parallel with the plane of the optical 
disk 50 and perpendicular to the slide bars 111. The optical 
pickup 90 is slidably supported by the slide bars 115 and is 
moved along the slide bars 115 by the feed motor 94 and the 
feed screw 92 (shown in Fig. 13) . At the time of printing 
operation^ f eedmechanisms feeding in two directions are driven. 
Ar rhetime of recording/ reproduction of data^ only the mechanism 
feeding operation in the radial direction of a track (simply 
a ^^track-radial-direction feed mechanism'^} is driven, and the 
mechanism feeding in the direction tangent to a track (simply 
a ^^track-tangential-direction feed mechanism") is stopped in 
a neutral position thereof (i.e-f the position in which an 
objective lens 90a of the optical pickup 90 is moved in the 
radial directionof a diskby driving the track-radial-direction 
feed mechanism) - 

The track-tangential-direction feed mechanism can move 
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the spindle motor 88 instead of moving the optical pickup 90. 
In this case, a feed screw 117 and a feed motor 119 for moving 
the spindle motor 88 in. the same direction are provided in place 
of the feed screw 101 and the feed motor 103 for moving the 
5 optical pickup 90 In the direction tangenr to a track. Figs. 
15A and 15B show a layout of the feed mechanism in such a case 
(neither the feed motor 113 nor the feed screw ii7is shown) 
as an example. Slide bars 121 are provided in and fixed to 
a mechanical base of the CD-R/RW drive 84 in parallel with the 
HO plane of the optical disk 50. A spindle motor 88 is slidably 
3 supported by the slide bars 121 . The spindle motor 88 is moved 
Id along the slide bars 121 by a feed motor 119 and a feed screw 
K= 117 {see Fig. 13) . Slide bars 123 are niounted on and fixed 
^ to a mechanical base of rhe CD-R/RW drive 84 . Ths optical pickup 

iin 

90 is slidably supported by the slide bars 123 and is moved 
flf along the slide bars 123 by the feed moror 94 and the feed screw 
S 92 (shown in Fig. 13) . At the time of printing operation, feed 

ii : 

853 S 

mechanisms feeding in two directions are driven. Ar rhe cime 
of recording/reproduction of data, only the 

20 track-radial-direction feed mechanism is driven. The 

track-tangential-direction feed mechanism is stopped in a 
neutral position thereof (i.e., the position in which an 
objective lens 90a of the optical pickup 90 is moved in the 
radial direction of a diskby driving the track-radial-direction 

25 feed mechanism) . 
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In Fig. 13, in accordance with, an Insnruction output from 
the system control circuit 105, a focus servo circuit 125 
actuates a focus actuator of the optical pickup 90 on the basis 
of afocus error signal, thus performing focus control operation. 
At the time of printing a label, the focus servo circuit 125 
is turned on. At the time of recording or reproduction of data, 
a tracking servo circuit 127 actuates a tracking actuator of 
the optical pickup 90 on the basis of a tracking error signal 
in accordance with the instruction output from the system control 
circuit 105, thus performing tracking control operation. At 
the time of printing a label, the tracking servo circuit 127 
is turned off. At the time of printing a label, the vibration 
signal generation circuit 129 generates a predetermined 
vibration signal in accordance with the instruction output from 
the system control circuit 105, and supplies the vibration signal 
to the tracking actuator. Accordingly, an object lens of the 
optical pickup 90 is vibrated in the radial direction of the 
optical disk to bridge a gap between the areas circularly scanned 
by a laser beam, as a result of which there is obtained a print 
product having no gaps. 

In accordance with the instruction output from the system 
control circuit 105, a laser driver 131 drives a laser diode 
of the optical pickup 66 to emit a laser beam onto the optical 
disk 50/ thereby performing recording/reproduction of data or 
printing of a label surface. At the time of recording of data. 
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the laser diode outputs a laser beam of recordingpower modulated 
by a recording signals by driving action of the laser driver 
131 - At the time of reproductionof data, the laser diode outputs 
a las^r beam whose recording power has a fitted predetermined 
reproducing power- At the time of printing label, the laser 
diode outputs a laser beam modulated with image data pertaining 
zo characters or graphic images to be printed (i.e., a laser 
beam h&s high power to cause changes in the visible light 
characteristic changing layer in an area to be printed and a 
laser has low power so as not to cause changes in the visible 
light characteristic changing layer in an area not to be printed) . 
At th© time of printing a label, a host computer 133 transmits, 
to the CD-R/RW drive 84/ image data pertaining to characters 
or grapiiic images to be edited by the user and to be printed . 
The image data are constituted by dot-matrix data (e*g»/ data 
which specify a print segment in the direction tangent to a 
track represented by ^^t," for each radial position ^^r'' at a 
predetermined pitch Ar) represented by coordinates (r, t) , the 
coordinates corresponding to a combination of a radial position 
^^r'" of an optical disk, which is a distance from an appropriate 
reference position {e.g./ rotation center) in the radial 
direction of the disk, and a position ^'f' in the direction tangent 
to a tracks which is a distance from the appropriate reference 
position in the direction tangent to a track. 

Process of printing data on a label surface of the optical 
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disk 50 by the CD-R/RW drive 84 shown in Fig. 13 is performed 
in the manner described below, 

(1) The optical disk 50 is set on the turntable 8 6 while 
being inverted in case of recording data or reproducing, i*e. 
the optical disk So is set so as to face the surface of the 
optical disk 50, which the label is to be printed, to the optical 
pick up 90. 

(2) A user edits, on a display of the host computer 133, 
characters or a graphic image such as a picture to be printed* 
The host computer 133 converts the thus-edited image into image 
data. 

(3) The user instructs to start printing operation on 
the host computer 133. 

(4) The spindle motor 88 is stopped in accordance with 
the instruction output from the system control circuit 105 during 
the course of printing operation, 

(5) The optical pickup 90 is positioned in a predetermined 
reference position. 

{6) The laser driver 131 drives the laser diode so that 
laser power of the laser diode of the optical pickup 90 is to 
be a predetermined low output instructed by the system control 
circuit 105 (i.e., a value at which no changes arise in the 
visible light characteristic changing layer and focus control 
operation can be effected; for example, a value of 1 mw or less) . 

(7) In accordance with the instruction output from the 
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system control circuit 105, the focus servo circuit 125 is turned 
on* As a result, the focus servo circuit 125 performs focus 
servo operation so that the laser beam forms the minimum spot 
on the reflection layer. Here, the tracking servo circuit 127 
remains off/ and no tracking servo operation is effected. 

(8) Through the foregoing operations, preparation for 
printing is made, and printing is commenceci in accordance with 
the instruction output from the system control circuit 105. 
That is, the system control clrcuir 105 receives image data 
from the host computer 133 to drive the feed motor 94 to position 
the optical pickup 90 in a radial position at the inner radius 
of the optical disk 50^ where a first print location is present. 
The motor 103 (or 119) is driven at the radial position, to 
move a laser beam to the direction tangent to a track. In 
connection with the radial position on the disk, laser power 
is switched to a predetermined hign output {a value at which 
changes arise in the visible light characteristic changing 
layer : for example, a value of 1 mw or more) over a print segment 
in the direction tangent to a track instructed on the basis 
of image data- As a result, changes (i.e., discoloration) arise 
in the reflection characteristic changing layer at the location 
exposed to the laser beam of high output power, thereby 
performing the printing operation. Then, the feed motor 94 is 
driven to move the optical pickup 90 toward an outer 
circumference at a predetermined pitch Ar, and then with respect 
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to this radial position on the disk, the laser power is switched 
to a predetermined high output level over the print segment 
in the direction tangent to a track instructed on the basis 
of the image dsta while the optical pickup 90 is moved in that 
position in the direcrion tangent to a track, thereby performing 
printing operation* This printing operation sequentially 
repeated so Lhat the optical pickup 90 is moved toward the outer 
circumference at the predetermined pitch Ar. Fig. 16 shows 
the locus of movement of the laser beam over the label surface 
52 of the optical disk 50 through the printing operation and 
a resultant print product . The laser beam is moved while being 
vibrated by the vibration signal, there is produced a print 
product having no gaps (or having small gaps) • 

In the present: etribociiment/ the visible light 
characteristic changing layer is interposed between & 
reflection layer and a protective layer- However, the optical 
disk according to the present invention is not limited to such 
a structure. The visible light characteristic changing layer 
can be provided in any area (e.g., on a protective layer) viewed 
from a part of a label surface of an optical disk. Although 
the embodiment has described a case where the optical disk 
according to the present invention having a visible light 
characteristic changing layer formed integrally is subjected 
to printing, printing required by the label surface printing 
method and optical disk unit according to the present invention 
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is not limited to such printing. More specifically, an optical 
disk to which a label having a visible light characteristic 
changing layer is affixed can be subjected to printing by 
application of the label surface printing method and optical 
diskunit according to the present invention. In the embodiment, 
a label surface is subjected to printing while focus servo 
operation is being performed- However, when no request exists 
for a print resolution/ printing can be performed without 
involvement of focus servo operation- in thar case, reflected 
light required for effecting focus servo operation is not 
necessary. Hence, the visible light characteristic changing 
layer can be formed into a translucence form so as not to be 
abl© to see reflection layer through the visible light 
Characteristic changing layer, in the embodiment, printing 
is performed by using modulating power of the laser beam in 
accordance with Image data. However, if there are parameters 
other than power which enable occurrence of changes in the 
visible light characteristic changing layer by usingmodulating 
power in accordance with image data, printing can be performed 
by modulating the parameters. The embodiment has described 
a case where changes arising in the visible light characteristic 
changing layer correspond to discoloration. However, the 
present invention is not limited to this embodiment. Any type 
of change may be employed, so long as the change is visually 
recognizable. In the embodiment/ an optical disk is 
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sequentially subjected to printing from its internal 
circumference to outer circumference. However, the present 
invention is not limited to snch a sequence. An optical disk 
may be sequentially subjected to printing from its outer to 
inner circumference, or in anorher appropriate sequence. The 
embodiment has described a case where a CD-R disk or CD-RW disk 
is subjected to printing- However, the present invenrion can 
also be applied to a case where another type of optical disk 
is subjected to printing. Moreover, the embodiment has 
described a case where the present invention has been applied 
to the optical disk unit which is used while being connected 
to a host coiuputer. However r the present invention can be also 
applied to an optical disk unit which is used in a standalone 
manner, such as a CD recorder. 
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